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Based on 2.92 fb“^ data taken at the center-of-mass energy y/s = 3.773 
GeV with the BESIII detector, we report recent results on the decay 
constant for, the hadronic form factors, as well as the quark mixing 
matrix elements |I4s(d)|, which are extracted from analyses of the leptonic 
decay D~^ —)■ and the semileptonic decays —)■ D~^ —)■ 

K^e'^Vei t K~TT^e'^Ve and —)■ uj{(l))e~^i'e at BESIII. 
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1 Introduction 


In the Standard Model, the D~^ mesons decay into via a virtual W~^ boson. The 
decay rate of the leptonic decays D~^ —)■ can be parameterized by the decay 

constant /£>+ via 


r(T)+ -)■ = ^\Vcd\^fn+mjmD+{l - (1) 

o 'IT TTl/ 

where Gp is the Fermi coupling constant, \Vcd\ is the quark mixing matrix element 
between the two quarks cd, and m£)+ are the lepton and masses. 

On the other hand, the D semileptonic decays can be parameterized by the quark 
mixing matrix element and the form factor of hadronic weak current simply, thus 
providing an ideal window to probe for the weak and strong effects. For example, the 
differential decay rates of D —?■ K{TT)e'^i'e can be simply written as 


dF 

dq^ 


247r^ 




( 2 ) 


where Gp is the Fermi coupling constant, |14s((i)| is the quark mixing matrix element 
between the two quarks cs(d), Pk{it) is the kaon(pion) momentum in the rest 
frame, is the form factor of hadronic weak current depending on the square 

of the four momentum transfer q = Pd — Pk{-k)- 

In 2010 and 2011, BESIII [1] accumulated 2.92 fb“^ data at -^/s = 3.773 GeV 
[2], where —)■ '0(3770) —)■ or D~^D~ is produced predominantly. Based 

on the studies of the leptonic and semileptonic decays of and mesons, the 
decay constant, the hadronic form factors or the quark mixing matrix elements 
|fcrf(s)| can be extracted accurately. These will validate the LQCD calculations of the 
decay constant and the hadronic form factors or test the unitarity of the quark 
mixing matrix at higher accuracies. They are also helpful to improve the measurement 
precisions in the experimental studies of the leptonic and semileptonic decays of B 
mesons indirectly. Herein, we report recent results on the studies of the leptonic 
decay —)■ and the semileptonic decays —)■ iF(7r)“e+z/e, D~^ —)■ iF^e+z/g, 

—)■ and —)■ u}{(f))e^Ve at BESIII. Throughout the proceeding, charge 

conjugate is implied. 


2 Leptonic decay [3] 

To investigate the leptonic decay —)■ we reconstruct the singly tagged D~ 

mesons using 9 hadronic decays. Figure [1] (left side) shows the hts to the beam- 
energy-constrained mass (Mbc) spectra of the (a) iF+7r“7r“, (b) Kg7i~, (c) 
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Figure 1: (left side) Fits to the Mbc spectra for the singly tagged D~ candidates 
(the signal region is marked by the pair of arrows in each sub-hgure). (right side) 
M^jss distribution for —)■ candidates. 


(d) K^K TT , (e) iF+vr tt tt®, (f) tt tt (g) K^ir 7r°, (h) K^tt tt tt tt^ and (i) 
KItt- 'TT 7r+ combinations, which yield (170.31 ±0.34) x 10^ singly tagged D mesons. 

Figure [D (right side) shows the distribution of the candidates for D~^ —)■ 

which are selected in the systems against the singly tagged D~ mesons. We 
obtain 409 ± 21 signals of —)• which yields the branching fraction 

B{D+ ^ p+z/^) = (3.71 ± 0.19stat. ± O.OOsys.) x 10"^ 

Using the measured B{D^ —)■ and the quark mixing matrix element \Vcd\ 

from a global Standard Model £t [1] , we determine the decay constant 

fn+ = 203.2 ± 5.3 stat. ± l.Ssys, MeV. 

The B{D~^ fD+ measured at BESIII are consistent within errors with 

those measured at BEST [5], BESII [6] and CLEO-c [7], but with the best preci¬ 
sion. Figure [2] compares the fD+ measured at BESIII and CLEO-c as well as those 
calculated by recent theories. 

So far, the quark mixing matrix element \Vcd\ has been measured though experi¬ 
mental studies of the semileptonic decay D —)■ or measurement of charm pro¬ 

duction cross section of vV interaction, among which the best measurement precision 
is 4.8% |1]. By using the measured B{D^ —)■ p^r'^) and the Lattice QCD calculation 
on fD+ i, we determine 

iWrfI = 0.2210 ± 0.058stat. ± 0.047sys., 
which has the best precision in the world to date. 
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Figure 2: Comparison of the D~^ decay constant. 


3 Semileptonic decays 

3.1 semileptonic decays |[9| 

To investigate the semileptonic decays —) K{n)~e~^i'e, we reconstruct the singly 
tagged mesons using 5 hadronic decays. Figure [3] (left side) shows the hts to 
the Mbc spectra of the (a) K^ir~, (b) iF+vr^vr^, (c) , (d) iF+7r“7r“7r+7r° 

and (e) K~^7r~7i^7r^ combinations. (279.33 ± 0.37) x 10"^ singly tagged D mesons are 
accumulated. 




Figure 3: (left side) Fits to the Mbc spectra for the singly tagged D candidates, 
(right side) Fits to the Fmiss distributions for (a) —) K~e~^h'e and (b) —)■ 7i~e~^h'e 

candidates. 


Figure [3] (right side) shows the hts to the Fmiss distributions of the candidates 
for —) iF“e+z/e and —)■ 7r~e^i'e, which are selected in the systems against the 

singly tagged D~ mesons. From the hts, we obtain 70727 ± 278 and 6297 ± 87 signals 
of —)■ 7F“e+z/e and —) 7r“e’''r'e- Based on these, we determine the branching 
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fractions 

^ K-e^Pe) = (3.505 zb O.Ol^tat. ± 0.033sys.)% 

and 

B{D^ vr-e+z/e) = (0.2950 ± O.OOdl^tat. ± 0.0026sys,)%, 

respectively. The B{D^ K~e^i>e) and B{D^ —)■ 'n'~e~^Ue) measnred at BESIII are 
consistent within errors with those measnred at BESII [10] , CLEO-c m, BELLE Hg 
and BABAR [131 El; bnt with the best precision. 

Fignre H] shows the hts to the partial widths and the projections on the form 
factors of —)■ K~e^Vf. and —)■ 7r“e+z/e nsing the Simple Pole model [T5], the 
Modihed Pole model [TH], the ISGW2 model [TB], the two-parameter series expansion 
(Series.2.Par.) [1^ and the three-parameter series expansion (Series.3.Par.) [T7] . 
From the hts, we obtain the extracted parameters of different models, which are 
snmmarized in Table [T] 






Figure 4: The hts to the partial widths and the projections on the form factors of 
—>■ K~e^i'e (left side) and —)■ vr'e+Ue (right side). 


With the extracted f+^'^\o)\Vcs{d)\ and the expected by LQCD [18], we 

determine the quark mixing matrix element |V);s((i)|- Figure [5] compares the |V);s(d)| 
extracted at BESIII with the ones from other experiments. 

3.2 Semileptonic decays 

To study the semileptonic decays D'^ —)■ —)■ K~7i^e'^h'e and —)■ 

a;(0)e+r'e, we reconstruct the singly tagged D~ mesons using 6 hadronic decays of 
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Table 1: Summary of the extracted parameters from the fits to the partial widths, where 
the first errors are statistical and the second systematic. 


Model 

K-e+Ue 

TT e'^l/e 

Simple Pole 

/F(o)|Vcd 

ATpole 

0.7209 ± 0.0022 ± 0.0033 
1.9207 ±0.0103 ±0.0069 

ATpole 

0.1475 ±0.0014 ±0.0005 
1.9114 ±0.0118 ±0.0038 

Modified Pole 

f+iO)\V.s\ 

a 

0.7163 ± 0.0024 ± 0.0034 
0.3088 ±0.0195 ±0.0129 

fimiVcdi 

a 

0.1437 ±0.0017 ±0.0008 
0.2794 ±0.0345 ±0.0113 

ISGW2 

f^mvcsi 

nSGW2 

0.7139 ± 0.0023 ± 0.0034 
1.6000 ±0.0141 ±0.0091 

fimvcdi 

nSGW2 

0.1415 ±0.0016 ±0.0006 
2.0688 ± 0.0394 ± 0.0124 

Series.2.Par. 

/f (o)Tcd 
ri 

0.7172 ± 0.0025 ± 0.0035 

-2.2278 ± 0.0864 ± 0.0575 

fimvcdi 

ri 

0.1435 ±0.0018 ±0.0009 

-2.0365 ± 0.0807 ± 0.0260 

Series.3.Par. 

f^mvcsi 

ri 

F2 

0.7196 ± 0.0035 ± 0.0041 
-2.3331 ±0.1587 ±0.0804 
3.4223 ± 3.9090 ± 2.4092 

fimvcdi 

ri 

F2 

0.1420 ±0.0024 ±0.0010 
-1.8434 ± 0.2212 ± 0.0690 
-1.3871 ±1.4615 ±0.4677 



0.230±0.011 PDG2014(vV) 

CDHS,CCFR,CHARMII,CHORUS 


0.223±0.010±0.004 HPQCD 

PRD8 6 (2012) 054 510 , C1.E:0-< 


CalculatioE 


I 


0.225±0.006±0.010 HPQCD Calculati. 

PRD8 4 (2011)114 50 5, CLEO-c (D^7te+v) 


0.2210±0.0058±0.0047 BESIII (D*->^’^v) 
PRD89(2014)051104(CHARM2012) 


BESIII Preliminary (D*’—e^v) 


0.206±0.007±0.009 
Babar (D°—»7T e+v) 
PRD91(2015)052022 


0.2 0.3 0.4 0.5 0.6 0.7 


IK. 




Figure 5: Comparison of the extracted |Ks(d) 
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, K~^7r~7r~7r^, Kg7r~, Kg7r~7r^, Kg7r~7r~7r~^ and About 1.6 mil¬ 

lions of singly tagged D~ mesons are accumulated [19]. Based on these, we study the 
semileptonic decays —)■ K^e^Ue, —)■ K~7i^e'^Ue and —)■ uj{(j))e'^Ue. 

3.2.1 Analysis of —)■ K^e^Ue 

Although flights long distance, it interacts with the Electron Magnetic Cluster 
of BESIII and deposits a portion of energy, thus leaving some position information. 
So, after reconstructing all other particles in the hnal states, the mesons can be 
inferred with the position information and constraining the Umiss of the candidates to 
zero. We obtain about 24 thousands of signals of D~^ —)• K^e^Ue, based on which we 
determine the branching fraction 

B{D+ ^ Kle+Ue) = (4.482 ± 0.02W ± 0.103,ys.)% 
and the CP asymmetry 

= (-0.59 ± 0.60,tat. ± 1.50,ys.)%, 

supporting that there is no CP asymmetry in this decay. In addition, simultaneous 
£t to the event density for different tag modes with the two-parameter series 

expansion is performed, as shown in Fig. El which yields the product of f^{0)\Vcs\ = 
0.728 ± 0.006stat. =t O.Ollgys.. These are made for the hrst time. 



Figure 6: Simultaneous £t to the event density for different tag modes, where 
the points with error bars are data and blue curves are the hts. The violet, yellow, 
green and black curves refer to the different background sources. 
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3.2.2 D+ ^ i^“7r+e+z/e 

Based on 18262 signals of —)■ K~TT^e^V(,, we determine the branching fraction 

B(L)+ ^ K-vr+e+i/e) = (3.71 ± 0.03 ± 0.08)%. 

A partial wave analysis (PWA) is performed on the selected candidates, with results 
shown in Fig. [71 The PWA results show that the dominant K component is 
accompanied by an S'-wave contribution accounting for (6.05 ± 0.22 ± 0.18)% of the 
total rate, and other components can be negligible. We obtain the mass and width of 
:A*°(892) iV%*o^gg 2 ) = (894.60 ± 0.25 ± 0.08) MeV/c^ and P^^-o^gg^) = (46-42 ± 0.56 ± 
0.15) MeV/c^, the Blatt-Weisskopf parameter tbw = 3.07±0.26±0.11 (GeV/c)“^, as 
well as the parameters of the hadronic form factors ry = = 1.411±0.058±0.007, 

r 2 = ^ = 0.788±0.042±0.008, my = (1.8i;[j:?^±0.02) MeV/c^, tua = (2.6l7[];??± 
0.03) MeV/c^, Ai(0) = 0.585 ±0.011 ±0.017. Here, the first errors are statistical and 
the second systematic. 



Figure 7: Projections of the kinematic variables of PWA for —)■ K~7r~^e~^iye, 
where is the Ktt mass, is the ei^e niass square, dx is the angle between tt and 
D momenta in the Kn rest frame, 6f, is the angle between Ug and D momenta in the 
eUg rest frame and y is the angle between the two decay planes. The dots with error 
bars are data, the blue curves are the weighted signal MC and the hatched histograms 
are the simulated backgrounds. 


In the above PWA process, the phase of the non-resonant background SsirnKw) is 
factorized by the LASS parameterizations, and the helicity form factors mx-K), 

H_{q‘^, rrixTr) and Ho{q‘^, mxn) are parameterized by the spectroscopic pole dominance 
(SPD) model. We also make model-independent measurements of the Ss{mxn), and 
the helicity form factors, respectively. The results are consistent with the expectations 
of the corresponding models and previous measurements. 
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3.2.3 D+ u{d)e+u. 

Based on 491 ± 32 signals of —)■ uje^Ve, we determine the branching fraction 

B{D+ ^ ue+Pe) = (1.63 ± O.llstat. ± O.OSsys.) x 10-^ 


which is consistent with previous measurements but with better precision. We per¬ 
form amplitude analysis of the selected candidates, with results shown in Fig. |8l We 
obtain the ratios of the hadronic form factors to be ry = = 1-24 ± O.OQgtat. =t 

0.06sys. and ra = ^ = 1.05 ± 0.15«tat. ± 0.05sys.. 



Figure 8: Projections of the kinematic variables of amplitude analysis for —>■ 
cne^z/g, where the dots with error bars are data, the histograms are the htted results 
and the hatched histograms are the simulated backgrounds. 


Also, we search for —>■ but do not hnd obvious signal. So, we set 

the upper limit on the branching fraction for H'*' —>■ to be 1.3 x 10“^ at 90% 

Conhdence Level, which is signihcantly better than previous searches. 

4 Summary 

By analyses of the leptonic decay D~^ and the semileptonic decays —)■ 

K{'K)~e^Ve-, K~TT^e^Ve and u:{(j))e'^Ve from 2.92 fb“^ 

data taken at ^/s =3.773 GeV with the BESIII detector, we extract the decay 
constant, the hadronic form factors and the quark mixing matrix elements |Ks(d)|. 
These provide key experimental data to validate the LQCD calculations of the 
decay constant and the hadronic form factors and to test the unitarity of the quark 
mixing matrix at higher accuracies. 
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